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SUMMARY 

During the past several years, an attempt has been made at Lewis 
Research Center to develop a device tor perturbing the flow field in a 
supersonic wind tunnel. The goal of this work was to generate atmos* 
pheric type disturbances (e.g. , gusts) and to investigate their effects 
on the dynamic and controls of supersonic inlets. Experimeittal data 
were also needed for verification and/or improvement of a NASA analy- 
sis of inlet dynamics for disturbances upstream of the normal shock. 
This report summarizes the status of development of a disturbance de- 
vice including the desired aerodynamic and actuation capabilities of the 
device, and the techniques that have been considered and tlieir draw- 
backs. At the present time no device has been found that satisfies the 
desired capabilities. 


INTRODUCTION 

Propulsion systems for advanced supersonic cruise aircraft are 
being identified by studies for the NASA SCAR program. Generally, 
these systems utilize a mixed -compression type inlet for high perfor- 
mance. A subject of major concern for these inlets is the problem of 
inlet unstarts induced by atmospheric disturbances. This is a subject 
for which relatively little information is available from analytical 
studies or from wind tunnel and flight programs. 

To provide a greater understanding of this problem, a flight pro- 
gram and analytical studies have been conducted at Dryden Flight Re- 
search Center (DFRC) and Lewis Research Center (LeRC). At DFRC 
a YF-12 aircraft with an instrumented inlet and a gust sensing probe 
has been flown. However, the results from program have been limited. 
Very few encounters witli fast, large -amplitude disturbances were re- 
corded, and the effects of these on the inlet appear to be negligible, in- 
dicating that the forebody may wash out the effects of turbulence. 

An analytical study of atmospheric effects on mixed-compression 
inlets was recently conducted at LcRC. The study was based on a 
linear, 1 -dimensional mathematical analysis that was derived at LeRC 
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in 1966 (ref. I). The analysis had b... n used only to InvestiBate con- 
trols for internal (engine induced) disturbances until about two years 
ago, when it was extended to the external (atmospherically-induced) 
disturbance problem (ref. 2). Prior to the recent study, the analysis 
was modified for a significant geometric nonlinearity to more realisti- 
cally simulate intet-normal-shock dynamic-behavior in the vicinity of 
unstart. The results of the study (ref. 3) Indicate that inlet control 
requirements may well be set by rapid atmospheric disturbances. 

The reason is that inlet normal-shock response to rapid atmospheric 
disturbances is not attenuated like it is lor rapid engine disturbances. 

Since the inlet response to atmospheric induced disturbances is 
so different from the response to engine Induced disturbances, it is 
desirable to be able to investigate the atmospheric cases in the wind 
tunnel. The analysis can provide a useful tool for minimixing tunnel 
running time by narrowing down the choice of control concepts to be 
investigated. This was done for the engine disturbance case (e.g. , 
ref. 4). However, very Uttle data exists for verification of the aniuy- 
sls for upstream disturbances. To provide such datt requires a de- 
vice (hat produces a rclattvely uniform disturbance of the tunnel flow- 
field. Attempts have been made to do this in the 10- by 10-foot Super- 
sonic Wind Tunnel without great success. The devices that have been 
tried are. (1) crude falling plates to change tunnel throat area and (2) 
a servo-driven wing (flat trapexold.l-sh.ped plate) in the test section. 
Tte falling plate docs not produce the desired waveform nor a uniform 
chmige in flow-field properties. The wing had inadequate frequency 
response (good to about 10 Hx) mt did not give the desired chmige in 
How-fleld properties. This report describe, the aerodynuntc wd 
actuatton capabUltles desired for a disturbance device, and describes 
several devices that «ve been considered to date and their drawbacks. 
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SYMiJOLS 

f uiiDcr limit of disturbance fi« quencies requireii for disturbanco 

req * ‘ 

device, Hz 

L lengtli of inlet subsonic duct from tliroat to diffuser exit, cm 

M Mach number 

9 

Pj stagnation pressure, N/cm“ 

2 

p static pressure, N/cm 

Re Reynolds number iier meter, m“^ 

r^, inlet capture radius, cm 

stagnation temperature, K 

T static temfjerature, K 

u relative air speed, nv sec 

engine corrected airflow, kg/sec 

Xe normal shock position, cm 

01 flat plate angle of attack, deg 

A change from steady -state value 

fi perturbation variable A( )/0 

Subscripts: 

0 . free -stream or ambient value 

Superscripts: 

O steady -state value of ( ) 

DESIRED DISTURBANCE-DEVICE CAPABILITIES 

The desired capabilities of the disturbance device must be defined 
in two major areas - The aerodynamic ))erturbationS it. can produce and 
the sijeed of response witJi which tlie device can be actuated. Aero- 
dynamic capabilities will be considered first. 

The major atmospheric variables that can be perturbed and that 
are easily determined from wind tunnel measurements arc total pres- 
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^rewe m relative air speed. For independent perturbations In reU- 
Mve to .peed, ambient pressure and ambient temperature, equations (4) 
to (6) reduce to the following sets of equations: 


Relative air speed perturbaUon, Auq/uq 
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Equations (8), (11), and (14) indicate that free-stream total pressure 
decreases when either Mach number or ambient pressure decreases. 

However, total temperature could increase or decrease due to a de- ■ 

crease in Mach number, depending on whether ambient temperature ^ 

increases or relative air speed decreases. ( 


Some additional observation can be made by knowing how an inlet 
will respond to perturiiations in atmospheric variables. The analysis 
of reference 2 was applied to a typical mixed-compression inlet con- 
figuration (ref. 4) to predict the frequency response of the inlet’s nor- 
mal shock to independent perturbations in ambient pressure, ambient 
temperature and relative velocity. The results are shown in figure 1 
where the gain of shock position to each perturbation variable is plotted 
as a function of iierturbatton frequency. Note that for these perturba- 
tions the shock amplitude exhibits a rising trend with frequency up to 
40 or 50 hertz and then decreases. This response can be interpreted 
to mean that the disturbance amplitude required to unstart the inlet de- 
creases as frequency increases up to 40 Or 50 hertz. This is an unde- 
sirable chai acteristic and is opposite that found to occur for engine 
airflow disturbances (r««f. 4). Figure 1 indicates that the response of 
shock position is proportional to the derivative of ambient pressure, 
(and, hence, total pressure) at low frequencies. The steady-state gain 
(gain at 0 frequency) is not exactly zero because of some bleed terms. 

It is the derivative effect that causes all of the responses of figure 1 to 
exhibit a rising characteristic. Figure 1 also indicates that a change 
in Mach number due to a change in ambient temperature or relaUve 
velocity, produces a significant steady-state change in shock position. 
The Conclusion is that to produce inlet responses in a wind tunnel, 
liavlng steady -state and dynamic characterisUcs like those of figure 1, 
the disturbance device must be capable of producing a simulUneous 
decrease in both Mach number and total pressure. For example, the 

sudden apiiearance of a shock wave in front Of the inlet could produce 
such a combination. 
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Proper testing in wind tunnels ol the effectiveness of throat- 
bypass stability systems against upstream disturtances also requires 
that the correct combination of changn in free -stream Mach number 
and total pressure be provided. Generally these systems use passive 
valves (e. g. , relief-type mechanical valves or vortex valves) that 
bleed airflow out of the inlet when actuated by an increase in inlet- 
throat pressure. It can be shown that inlet throat static pressure will 
generally increase when inlet free stream Mach number decreases pro- 
vided inlet geometry remains fixed. However the magnitude of the pres-* 
sure increase can be very small or quite large, depending on the rela- 
tive changes in free-stream Mach number and total pressure. Hence, 
when wind tunnel tests show that a certain decrease in free-stream 
Mach number is sufficient to actuate a stability system, proper book- 
keeping must be done to be sure that the same (or at least a sufficient) 
increase in actuating pressure would occur for the same decrease in 
Mach number in a flight environment. For example, disturbances pro?- 
duced in the 10- by 10-foot Supersonic Wind Tunnel by changing tunnel 
throat blockage have resulted in an increase in free-stream total pres- 
sure with a decrease in free-stream Mach number. This would result 
in an increase in inlet-throat— static pressure that would be unrealisti- 
cally higher than the increase that would occur in flight. 

For inlet testing in the wind tunnel it would also be desirable for 
the gain of shock fjosition to the disturbance to be large so that the dis- 
turbance amplitude can be relatively small. For the inlet of figure 1 
the gain of shock position to engine corrected airflow /r Aw /W ) 
is 6,669, where a negative is in the upstream direction towi^d lui- 
start. Based on that gain and gains from figure 1 it can be shown that 
a steady-state reduction in Mach number of 0.026 would be required to 
unstart the inlet when the shock is positioned to have an engine corrected 
airflow margin from unstart of 1 percent. This assumes that the normal 
shock distance from unstart is the same for both external and internal 
disturbances, A typical corrected airflow margin from unstart is on 
the order of 3 to 5 percent necessitating a steady-state change in Mach 
number of 0.078 to 0. 13 to unstart the inlet. An inlet with a more ef- 
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fective throat bleed would require a greater reduction in Mach number 
to unstart. Taking these numbers as values for a typical inlet it ap- 
pears that the disturbance device should l)e capable of producing a 
steady-state change in tunnel test sectxCa Mach number of about 0. 1. 

It can be shown from equation (5) that the corresponding change in total 
pressure (AP^/pj^) would be 0. 1555 assuming that no change in ambient 
pressure occurs and that the initial Mach number Mq is 2. 5. In actu- 
al practice it may not be possible to attain these magnitudes. More 
realistic values would probably be a change in Mach number of 0.05 
and a corresponding change in pressure of 0. 0778. The disturbance 

ampUtude decreases as disturbance frequency increases, as mentioned 
previously. 

The discussion above should be qualified to the following extent. 

It is doubtful that perturbations in ambient temperature, ambient pres- 
sure and relative velocity (gusts) occur independently in the atmosphere. 
At present it is not clear that perturbations occur in any prescribed 
manner. However it does seem certain that a reduction in Mach number 
would normally be accompanied by a reduction in total pressure. 

Speed of response capabilities required by the disturbance device 
may also be deduced from figure 1. It would be desirable to be able 
to define the first resonant peak that occurs in the ran^ of 40 to 50 
hertz. For good characterization of the peak, the device would have 
to be capable of frequencies in the vicinity of 60 to 70 .hertz. The fre- - 
quency requirements will be influenced by model size and tunnel total 
temperature T^q in the following manner: 
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where L is the lengUi of the subonic duct. For inlets scaled up or 
down from the one modeled in figure 1 the disturbance device frequency 
response requirements become (worst case): 


Hz 


(17) 
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where is the cai)ture radius of the inlet. Thus frequency require- 
ments can be reduced by increasing model size and decreasing tunnel 
total temperature. In the 10- by 10-foot Supersonic Wind Tunnel, for 
example, the maximum allowable cowl radius is about 76 centimeters 
and the minimum temperature about 303. 9 K (at M s 2. 5 and 
Re = 1. 64x10® per meter). The required frequency then becomes 
21. 5 hertz. The disadvantage to increasing model size is that the uni- 
form flow field to be perturbed must be correspondingly larger. 

A few words about actuation requirements is appropriate at this 
point. The capability to produce a pulse-type disturbance (e. g. , tri- 
angular wave form) is desirable. The greatest flexibility would result 
from being able to adjust both amplitude and duration in a continuous 
manner. Although a pulse testing technique is desired, it may not be 
possible to build a servo-driven device that can produce the required 
short duration pulse (high frequency) disturbances. An alternate ap- 
proach would be to use motors and cams to drive the device sinusoidally 
or in some cyclical manner but with a constant amplitude. In that case, 
an alternate test procedure, similar to Wasserbauer*s unstart method 
(ref. 5), could be used. The test procedure would be to adjust diffuser 
exit (engine) corrected airflow to the lowest possible value without un- 
start at each disturbance frequency. The unstart method or the pulse 
testing could be duplicated using the inlet simulation. The unstart 
method is probably more efficient in terms of test time required, but 
has the disadvantage that the effect of operating point is not easily 
determined. 

The required disturbance device capabilities outlined above are 
based on the assumption that the atmospheric disturbances occur in 
nature in a manner similar to that assumed for figure 1 and. that the 
results predicted by the LeRC analysis are correct. Although the rising 
characteristic predicted by the analysis has not been verified by experi- 
ment at LeRC, it should be noted that the analysis does agree in this 
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respect with Inlet transfer functton mudels anel with results from a 
method of characterUtlcs solution, all in reference 6. A comparison 
of the LeRC analysis with results from Bte method of characterlsttcs 
solution Is shown In figure 2. Phase angle agreement is excellent and 
the shapes of the ampUtude curves also agree quite weU. The major 
discrepancy appears to be in the low frequency gain. The discrepancy 
is believed to be due to nonltneai lties that have a greater effect on the 
gain tor disturbances upstream of the normal shock then for downstream 
disturbances. It should be possible to Improve the steady state gain 
characteristics of the analysis by the addition of some nonlinear terms 
in the same manner that the analysis was modUied lor the geometric 
nonlinearity mentioned earlier. 


DISTURBANCE TECHNIQUES 

Four means for inducing a change in test section Mach number 
were given consideration. They are shown schematically in figure 3, 

and are listed in order of showing promise as follows; 

(1) A change in angle of attack of a triangular airfoil located at the 

u^tream end of the test section, spanning the tunnel walls. 

(2) Modulation of tunnel, throat area (by flexing sidewalls or by ex- 
panding and contracting a centerbody). 

(3) Change in angle of attack of a flat plate - similar to the trape- 
zoidal plate used by Wasserbauer (ref. 5). 

(4) Blast wave from a shock tube fired into the supersonic stream. 

This section describes the reUtlve advantages of the four disturbance 

techniques, beginning with the least promising* 

A blast wave from a shock tube (fig. 3(d)) was considered because 
it should produce a rapid disturbance. Information was found in the 
literature (refs. 7 and 8) that described tests in which blast waves were 
fired in supersonic wind tunnels either perpendicular to or in the same 
direction as the tunnel flow. BoUi blasts produce rapid disturbances 
(perhaps too fast for the inlet appllcaUon). The research was aimed 
primarily at measuring overpressures due to the blast wave on bodies 
traveling at supersonic speeds. The side blast is eliminated from con- 
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side rat ion because it does not piun'ide a uniform disturbance. A head- 
on blast does not produce a pood waveform because of shock waves being 
reflected back upstream from the inlet. Also, control of amplitude and 
duration would probably be inadequate and a dc or slow disturbance COuld 
not be produced. Implementation is simple, however, so this could re- 
present a fall back position for getting some limited data if a more con- 
trolled technique failed. 

The flat plate (fig. 3(c)) lias several disadvantages. First, it pro- 
duces a change in flow angularity as well as Mach number. The flow 
angularity cannot be handled by the LeRC 1 -dimensional analysis. 

Also, the change in total pressure caused by small changes in plate 
angle Of attack is negligible. Therefore, the response preducted by 
the analysis as shown in figure 4 does not show the desired rising 
characteristic Of figure 1. Finally the frequency response of the exist- 
ing plate is limited to about 10 hertz. The flat plate could be used to 
provide experimental data for verification, and, or improvement of the 
LeRC inlet-analysis steady -state characteristics. But there would be 
little advantage in lightening the plate and using special actuators to 
drive it out to 20 or 30 hertz because of the lack of _a peak in the inlet’s 
response to its disturbance. 

The Uiroat modulation technique (fig. 3(b)) has drawbacks similar 
to those of the flat plate. The analysis predicts that the inlet response _ 
to this disturbance w’ould be similar to that due to the flat plate when 
it is assumed that the disturbance is a pure area or flow disturbance 
at the throat. (This assumption neglects shock waves that could be 
generated by such a device. ) Unpublished steady-state results from 
an analytical study indicated that a tliroat centerbody device will gen- 
erate shock waves. The shock waves reflect down the tunnel and re- 
sult in nonuniform flow at the inlet. Also, Uie total pressure would in- 
crease when Mach number decreases because sliock strength is reduced 
with the centerbody collapsed. Another drawback of throat modulation 
is that Uie disturbance is not near the inlet. Therefore, to compare 
experimental results with analysis, either the tunnel must be simulated 
(as well as the inlet) or careful measurement of the disturbance must 
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be made as a function of frequency (or pulse widtli) at the inlet location. 
This problem might not occur, or would be less severe for a device 
operating in close proximity to the inlet. Actuation and design of a 
throat device would also be more difficult than for the other disturbance 
methods discussed. Therefore, Uiroai modulation was eliminated as a 
prime candidate for testing. 

The triangular airfoil device «if figure 3(a) appeared to offer the 
most promise in terms of aerodynamic capability. Results of a simple 
2 -dimensional flow field analyses, as shown in figure 5, predict that 
an inlet located in either region 1 or region 2 will be subjected to the 
desired disturbance (simultaneous decrease in pressure and Mach num- 
ber) as airfoil angle of attack increases in the range of about 6 to 20 
degrees. The LeRC inlet analysis was also exercised to predict inlet 
normal shock response to perturbations in airfoil angle of attack. The 
results, Shown in figure 6, indicate that the airfoil will produce djmamic 
characteristics similar to those of figure 1. It would appear obvious 
that the inlet should be tested in disturbance region 2 because the change 
in flow -field properties (fig. 5) and shock position (fig. 6) with angle of 
attack IS much greater than for region 1. A triangular airfoil device 
like the one of figure 3(a) was feuilt by the Lockhead Aircraft Corp. and 
tests were conducted in the Ames 8- by 7-foot Supersonic Wind Tunnel 
(ref. 9). During the Ames tests the inlet was located in region 1, below 
the slip line, rather than in region 2 as shown in figure 3(a). Flow 
field measurements were made only in region 1. The steady -state ex- 
perimental results were not promising. The change in flow field pro- 
perties across the inlet was not uniform with changes in airfoil angle 
of attack. However, experimental frequency responses of shock posi- 
tion to angle of attack did exhibit the rising characteristic predicted 
in figure 6 for region 1. The poor steady-state results could have been 
due to slip line interference with the inlet and due to three dimensional 
effects from a strut that was used to support and actuate the airfoil. 
Increasing the chord length of Uie airfoil would have increased the size 

of the uniform flow field (but not the strength of disturbance) as will be 
discussed later. 
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Uocauso of till' ixmt’ results for region 1, it was liojx'd tliat an inlet 
could be tested in region 2. However, it was felt that the results of 
figure 5 could be significantly in error because the effects of the ex- 
pansion fan on the near-wake flow-field of the airfoil were not accounted 
for by the simple analysis. Therefore, a two dimensional inlet analysis 
program, using the method of characteristics, was adapted to the prob- 
lem. Since Uiis is an inlet analysis program, the airfoil geometry and 
slip line were included as part of the inlet cowl surface and the center- 
body surface was treated as a tunnel boundary (ceiling or floor). The 
results showed that the expansion nearly washes out the effects of the 
airfoil in the vicinity of region 2 where a model would be located. The 
net result is a very weak disturbance more like that of region 1. The 
results did indicate that increasing the chord length of the airfoil re- 
sulted in a larger uniform flow field in both regions 1 and 2, as ex- 
pected, but did not significantly increase the strength of the distur- 
bance in region 2. Some of the results of this analysis are presented 
in the appendix. . 

The detailed analysis also indicated that testing would have to be 
limited to inlets with a capture diameter of about 50 centimeters or 
less and that inlet ingestion of shock waves and/or Mach waves gen- 
erated by the airfoil still could be a problem, especially if a vertical 
support strut is required to prevent bending. Tunnel-wall boundary- 
layer separation due to impingement of shock waves generated by the 
airfoil could also be a problem. Finally the airfoil could produce a 
change in Mach number of only 0.025 without causing a change in flow 
field angularity of more than 1 degree. Due to all of these consider- 
ations tlie airfoil was eliminated as a disturbance device candidate. 

CONCLUSIONS. 


It vas found that a device for. Simulating atmosj^ieric type distur- 
bances in supersonic wind tunnels should be capable of producing rela- 
tively uniform flow field pertur bations with very .small or no change in 
angle of attack and with a simultaneous decrease in Mach number and 
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APPENDIX - DISCUSSION OF DETAILED 


FLOW- FIELD ANALYSIS AND RESULTS 


A detailed analysis was used to investigate the flow field of distur- 
bance device configurations witli cross sections like the shaded shapes 
shown in figure 7. The shock waves (solid lines), expansion fans (dashed 
lines with included angle), and slip lines are shown schematically. The . 
shock waves would actually curve because of interaction with the expan- 
sion fans. This effect was ignored in the simple analysis. Detailed 
flow field calculations were made by adapting the disturbance device 
geometry to an analysis that computes two-dimensional flow in super- 
sonic inlets using a weakly viscous method of characteristics. The 
disturbance device geometry and trailing edge slip line were treated 
as the internal-cowl surface and the tunnel boundary served as the inlet 
centerbody surface. Mach numbers computed along each configuration's 
surface and the slip line right at the trailing edge agreed almost exactly 
with the simple analysis, as expected. An enunple of how the geometry 
is adapted for calculation of triangular airfoil disturbance region 2 is 
shown in figure 8. The centerbody was positioned so that its tip shock 
would fall upstream of the cowl lip (airfoil leading edge). The analysis 
treats the centerbody -tip shock and the cowl-lip shock and reflections 
explicitly. However, imbedded shocks, like the one at the trailing edge 
are smeared and associated total pressure losses are not accounted for. 

A drawback of using the detailed analysis is that the flowiield above the 
flat side of the airfoil and slip line is ignored because the slip line must 
be treated as a solid boundary. The slip line is assumed to extend . 
straight from the trailing edge at the angle determined by the simple 
analysis. This is correct for conditions right at the trailing edge, but for 
conditions further downstream the slip line would actually curve due to 
interaction of the flow fields above and below the surfaces of the airfoil 
and slip line. By neglecting this effect, the detailed analysis probably 
showed a greater change of Mach number in region 2, then would actu- 
ally occur. The detailed analysis also ignores the possibility of bound- 
ary layer separations and the finite thickness of the slip line, as does 
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the simple snslysis* Additions! detsils concernintt the snslysis are 
presented in reference 10. 

The strut with symmetrical trailing-edge flap, configuration b 
of figure 7 , was investigated because it offered some advantages in 
terms of tunnel installation. It was determined that a vertical support 
strut, required to prevent bending of the triangular airfoil, would not 
be needed for the strut-flap combination. Besides being an insUllation 
advantage, it also eliminates a source of three-dimensional flow field 
effects. The strut-flap combination was eliminated from consideration 
later, however. The reason is that the inlet ingestion of the leading 
edge reflected shock became a problem when flap chord length had to 
be increased to provide a uniform flow field large enou^ for the inlet 
size of figure 1 (47.4 cm capture diameter). Therefore, the remainder 
of the appendix will be confined to a discussion of the application of the 
detailed analysis to the triangular airfoil, configuration a of figure 7. 

The detailed analysis was initially applied to an airfoil with an 
20. 3 centimeter chord length. It was found that this airfoil did not 
produce a uniform flow field in regions 1 or 2 that was large enough to 
accommodate the 47. 4 centimeter diameter inlet. The size of the uni- 
form flow region can be increased by increasing the chord length of the 
airfoil, as suggested by force -momentum considerations of control 
volumes and by the delayed intersection of the expansion waves with 
the shock waves. Increasing the chord length would make the airfoil 
more difficult to actuate at high frequencies, but could increase stiff- 
ness enough to eliminate the need for a support strut to prevent bending 
due to lift and drag. The alternative to increasing chord length is to 
test an inlet with a smaller capture diameter. However, that increases 
the disturbance frequency requirements as indicated by equation 17. 

The detailed analysis was used to compute the flow field generated 
by the flat side of Uie airfoil. The analysis determines flow field pro- 
perties between the tunnel boundary (floor or celling) and tlie slip line 
at various longitudinal locations. Mach number profiles at the expected 
longitudinal location of the inlet cowl lip, aS predicted from the simple 
analysis, ai’e shown in figure 9 for two different chord lengths. Local 
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Mach number is plotted as a function of distance perpendicular to the 
tunnel floor. (The nornializint; Icnitth has no special significance to 
the problem and because of the coordinate system used^ the floor is 
not at a value of 0. ) The profiles exhibit sudden decreases and gradual 
increases in Mach number that are characteristic of shock compressions 
and expansion fields respectively. The portion of the profiles that is of 
major interest is for region 1. It occurs at normalized distance values 
in the range of about 0. 835 to 1. 045. Note that in region 1 the constant 
Mach number region of 2.586 for the 61.0 centimeter chord airfoil is 
more than twice as big as that for the 20. 3 centimeter airfoil. The re- 
sults for the 20. 3 centimeter airfoil exhibit an overexpansion to about 
Mach 2.6 before recompressing to Mach 2. 586. Experimental data, 
given in reference 9 for a 20. 3 centimeter airfoil under the same condi- 
tions, exhibited a similar overexpansion characteristic that was even 
more extreme (the maximum Mach number being 2.65). The Mach 
number of 2. 586 predicted by the detailed analysis for the uniform 
region agreed exactly with that predicted by the simple analysis. But 
the simple analysis predicted a constant Mach number flow field for 
the 20. 3 centimeter airfoil that was about the same size as that pre- 
dicted by the detailed analysis for the 61.0 centimeter airfoil. The 
detailed analysis also predicted that the larger chord airfoil would 
produce a larger uniform field in region 2 than the smaller chord air- 
foil, although not large enough to accommodate the 47. 4 centimeter 
diameter inlet. Clearly, increasing chord length is beneficial from 
an aerodynamic standpoint. . 

A major impetus for applying tlie detailed analysis was to deter- 
mine the effects of the expansion around the upper surface of the air- 
foil (fig. 7(a)) on the flow field in region 2. Cases were run for a 
61. 0 centimeter chord airfoil at two angles of attack. The expansion 
corner was smoothed to ease the computational process but the turning 
angle remained the same. Mach number profiles at the exi)ected longi- 
tudinal location of the Inlet cowl lip, as predicted from the simple analy- 
sis, are shown in figure 10. In these cases the profile is plotted be- 
tween the tunnel ceiling (at the bottom of the plot) and the sli p line bound- 
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ary. Again the profiles exhibit the sudden compression and gradual 

expanston characteristics. The portion of the profiles that is of major 

nterest is for region 2. It occurs at normaUzed distance values in the 

ran^of about 0.88 to 1. 185. It is apparent that the change in Mach 

number is not uniform over the 47.4 centimeter capture diameter of 
tne inlet. 

The simple analysis, which neglected the expansion effects on the 
sh^ waves, had predicted that 20. 3 centimeter chord airfoil would 
produce the desired uniform flow field and a much greater change in 
hfach num^r Wmut 0.08). as indicated in the upper left hand corner 
^ fl^re 10, The higher absolute Mach numbers predicted by the de- 

tall^ analysis for region 2 indicate that the expansion field does largely 
wash out the disturbance# " ^ 

Based on the results of the detailed flow field analysis and their 

at^drmnT **"**** “•'J*** the foUowlng ennri..yi..n s 

her lYT K ‘he Mach num- 

^ ““ "°“"® **** flow field. 

(2) The expansion field effects, neglected in the simple analysis 

are significant and nearly wash out the disturbance that the simple 
analysis predicts for region 2. 

(3) The Size of the uniform flow field generated in region 1 is 

greater than that in region 2 and the magnitude of the disturbance is 
about the same for both regions# 

(4) Increasing the size (chord) of the airfoil increases the size of 
the. uniform. flow field, as expected# 
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Figure L - Response of inlet to independent perturbations of 
atmospheric variables (without control), as predicted by 
analysis of ref. 1 Diffuser exit choked. Capture radius, 
r. • 231 7 cm; length of subonic duct, 110 5 cm; free-stream 
Mach number, M^ • 2L 5; free-stream total temperature, \ 
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Figure 6. * Response of inlet to perturbations In triangular- 
airfoil angle of attack (14° + ^ as predicted by analysis of 
ref. Z Same Inlet configuration and operating point condi- 
tions as for fig. I Triangular airfoil leading edge angle, 
25®; trailing edge angle, 7. 5®. 



(b) Strut with trailing edge flap. 

Rgure 7. - Disturbance generator configurations investigated 
with detailed flow-flela analysis. 
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Figure 9. - Mach noi profiles predicted by detailed analysis at expected longitudinal loca 
tion of inlet cowl lipi Triangular airfoil disturbance (see fig. 7). Determination of dis* 
turance region 1. Normalizing length. 26(1 1 cm. 
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Figure 101 * Mach na profiles predicted by detailed analysis at expected long- 
itudinal location of inlet cowl lip. Triangular airfoil disturbance (see Fig. 7). 
Determination of disturbance region Z Normalizing length, 204 3 cm. 
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